Summary: Salicylaldehyde Isonicotinoyl Hydrazone (SIH) -a Pyridoxal Isonicotinoyl Hydrazone (PIH) analogue -is an effective iron chelator with antioxidant and antimalarial effects, as documented in numerous in vitro studies. However, no toxicological data obtained from in vivo studies have been made available yet. In this study, the potential toxic effects of repeated administration of SIH (50 mg/kg, once weekly, 10 weeks, i.p.), partially dissolved in a 10 % Cremophor solution, on various biochemical, haematological, and cardiovascular parameters and on morphology of selected tissues were investigated in rabbits. The obtained values were compared with data from the control (saline, 1 ml/kg, i.v.) and the Cremophor (10 % Cremophor solution, 2 ml/kg, i.p.) groups. In this study, SIH did not induced marked signs of toxicity: No premature deaths occurred, the body weight increase was comparable with the control and Cremophor groups. Only few and mild changes in some biochemical and haematological parameters could be determined, most of them were noticed also in the control or Cremophor groups. The morphological changes in the kidney were mild and did not manifest in the biochemical examination. The cardiac function was also not affected markedly -the values of left ventricular ejection fraction and systolic time interval did not differ from the values of control group. Only an increased left ventricular contractility (dP/dt max ) was noticed in the SIH group at the end of the experiment as compared to the controls (13354±1191 vs. 9339±647 mmHg/s, resp.). These results seem to be promising from the standpoint of possible clinical use of SIH.
Introduction
Iron (Fe) is an element essential for life, but its excessive amount may become very toxic to various tissues. Fe chelators have been primarily developed for the treatment of Fe overload diseases, such as β-thalassemia. However, the knowledge of the role of Fe in the generation of free radicals as well as in the metabolism of tumour cells and parasites is the basis for the introduction of Fe chelation for the therapy of some pathological conditions, e.g. free radicalmediated injury, malaria, or some types of cancer (4, 12, 16, 17) .
At present, deferrioxamine (DFO) is the only Fe chelator used in clinical practice. Although DFO is a highly effective drug with relatively few side effects, it suffers from a number of disadvantages, including its high cost and poor intestinal absorption. That is why the development of new non-toxic, effective, orally active and inexpensive Fe chelator is needed. One group of compounds that could satisfy these criteria is that of the pyridoxal isonicotinoyl hydrazone (PIH) class. The chelators of the PIH group are tridentate and have predominantly a neutral charge at physiological pH, allowing them passage through cell membranes and access to intracellular Fe pools. They are characterized by a high affinity and selectivity for Fe and a low affinity for other biologically important ions, such as Ca(II) and Mg(II) (16, 17) . The results of studies evaluating the toxicity of PIH are also very promising (10, 19, 20, 21) . In our studies, i.p. administration of PIH in a dose of 50 mg/kg/week for 10 weeks did not induce any signs of toxicity in rabbits (19, 20) .
Salicylaldehyde isonicotinoyl hydrazone (SIH) is a PIH analogue with high Fe chelation activity and antioxidant and antimalarial actions demonstrated in vitro (1, 6, 8, 9, 13, 163 ORIGINAL ARTICLE 16, 17, 18, 24, 25) . However, there is only one in vivo study, where the antimalarial effect of SIH was tested in mice (6) . The potential toxic effects of SIH in vivo were not examined in any of the available studies.
A STUDY OF POTENTIAL TOXIC EFFECTS AFTER REPEATED 10-WEEK ADMINISTRATION OF A NEW IRON CHELATOR -SALICYLALDEHYDE ISONICOTINOYL HYDRAZONE (SIH) TO RABBITS
In this study, the effects of SIH on biochemical and haematological parameters and various parameters of cardiac function were investigated in the course of its repeated intraperitoneal administration in rabbits. Furthermore, changes in body weight and histological changes in some organs were examined. As many of effective chelators cannot be used in the clinical practice due to their toxicity, toxicological data are considered to be essential from the viewpoint of a possible therapeutic use of a drug.
Methods
Chemicals: salicylaldehyde isonicotinoyl hydrazone -SIH (P. Poňka, McGill University, Montreal, Canada), Cremophor EL (Sigma-Aldrich, Czech Republic), ketamine (Calypsol inj., Chemical Works of Gedeon Richter LTD, Hungary), Aqua pro injectione (Biotika, Slovakia), pentobarbital (Nembutal Sodium, Abbott, U.S.A.)
Experimental design: Medium-size Chinchilla male rabbits of average weight of 3.6 kg at the beginning of the experiment were used. All procedures were performed in accordance with the "Guide for the care and use of laboratory animals" (1996) and were under the supervision of the Ethical Committee of the Medical Faculty in Hradec Králové. SIH partially dissolved in a 10 % Cremophor solution was administered intraperitoneally to 8 rabbits in a dose of 50 mg/kg once weekly for 10 weeks. Control group (11 animals) received saline (1 ml/kg, intravenously). Furthermore, 12 rabbits were given a 10 % Cremophor solution (2 ml/kg), intraperitoneally. All manipulations were performed under ketamine anaesthesia (50 mg/kg, i.m.). Noninvasive echocardiographic examination as well as polygraphic recordings (systolic time intervals) was performed before the 1 st administration, in the 5 th and 7 th -11 th weeks. Arterial blood was sampled before the 1 st , 5 th and 8 th administrations and at the end of the experiment (5-7 days after the 10 th administration) for the evaluation of biochemical parameters and before the 1 st and 5 th administrations and at the end of the experiment for the evaluation of haematological parameters. In the 11 th week, invasive haemodynamic measurements were performed. Then the rabbits were sacrificed by an overdose of pentobarbital and the heart, liver and kidney were examined histologically. The weight of rabbits was observed every week before administration of drugs.
Biochemical and haematological parameters: Standard biochemical parameters were determined in plasma/serum using a Hitachi 717 analyser (Japan). Haematological parameters were measured by means of a Coulter T890 counter (USA).
Echocardiographic measurements: The left ventricular systolic function was assessed using a GE Vingmed CFM 800A echocardiograph equipped with a standard pediatric 7,5 MHz probe. The left ventricular ejection fraction (LV EF) as a sensitive index of the left ventricular systolic function was calculated from the values of end-systolic and end-diastolic diameters which were determined by conventional steered M mode echocardiography from the parasternal long axis view. The measurements of left ventricular dimensions were also carried out from 2D images from the parasternal short axis view at the level of papillary muscles.
Systolic time intervals:
The systolic time intervals were measured noninvasively by simultaneous recording of the ECG, phonocardiogram, and external carotid arterial pulse, using a Polygraph ADI PowerLab/8SP, software Chart for Windows (v. 3.4.11). On the basis of the left ventricular ejection time (LVET) and pre-ejection period (PEP) values, the PEP/LVET ratio was used as an index of the left ventricular systolic function.
Invasive haemodynamic measurement: At the 11 th week, heart rate, blood pressure in the femoral artery, and left ventricular maximal pressure rise in the isovolumic phase of systole (dP/dt max ) were measured invasively using a Polygraph ADI PowerLab/8SP and software Chart for Windows (v. 3.4.11) in pentobarbital-anaesthetized rabbits (30 mg/kg, i.v.). All parameters were recorded after a 15 minute-equilibration period.
Histological examination: Tissue blocks of the transversely sectioned left and right cardiac ventricles, left kidney, left liver lobule, left caudal lung lobule, duodenum (approx. 3 cm below the pyloric sphincter), and striated muscle tissue (from the left quadriceps femoral muscle) were fixed by immersion in 4 % formaldehyde. Paraffin sections (6 µm thick) were stained with haematoxylin-eosin (H(E) and Masson's blue trichrome. Microphotographs were made with MicroImage software, version 4.0 (Media Cybernetics, Silver Spring MD, USA) at the Department of Radiobiology and Immunology, Purkyně Military Medical Academy in Hradec Králové.
Statistical analyses: Data are declared as mean ± S.E.M. Significance was estimated by an ANOVA unpaired test (comparison between the groups) or paired t-test (comparison with the initial value within one group). Data without an underlying normal distribution were evaluated using the nonparametric Kruskal-Wallis ANOVA on Ranks test. P ≤ 0.05 was used as a level of statistical significance.
Results
Body weight: A significant body weight increase was present in all groups (Fig. 1) ; the body weight gain at the end of the experiment was 108.0 % in the control, 110.5 % in the Cremophor, and 109.8 % in the SIH group, resp. No premature deaths of animals occurred following the administration of SIH or in other groups.
Biochemical parameters: Repeated administration of SIH caused a significant decrease in plasma levels of calcium, and phosphates and an increase in Fe, lactate de- (Table 1) . However, the initial value of calcium concentration was significantly higher in comparison with the values in the control and Cremophor group. The activity of LD was significantly higher at the end of the experiment even in comparison with the control and Cremophor groups. The administration of Cremophor induced the same changes in LD, phosphate, and Fe; in addition, a decrease in potassium and albumin concentrations could be observed at the end of the experiment. In the control group, an increase in sodium and GSH and a decrease in urea and phosphates were apparent. These changes were statistically significant only in comparison with the corresponding initial values. The other observed changes were only transient without any permanent trends.
Haematological parameters: Table 2 shows that there were no significant differences in the determined haematological parameters between the SIH, Cremophor, and control groups. Administration of SIH caused an increase in the thrombocytes count during the experiment.
Echocardiographic measurements: The results of LV EF obtained by M mode echocardiography from the parasternal long axis view and by 2D echocardiography from the parasternal short axis view were very close to each other. No significant changes in LV EF were observed during the experiment in any of the groups. The values of the LV EF oscillated between 59.2-62.5 % in the control group, 60.2-64.4 % in the Cremophor group and 59.1-62.6 % in the SIH group (Fig. 2) .
Systolic time interval (PEP/LVET index):
No significant changes in PEP/LVET indices were observed during the whole time-course of the study in any of the groups (Fig.  3) . The relative values (in comparison with the initial values) were oscillating between 99.2 and 114.0 % in the control group, 100.6-105.8 % in the Cremophor group, and 97.7-101.2 % in the SIH group, resp. Invasive haemodynamic measurements: The values of mean arterial blood pressure and the values of heart rate did not significantly differ between the groups. An increase in left ventricular dP/dt max was observed in the SIH group, the values were significantly higher comparing with the other groups (Table 3) .
Histological evaluation: Only mild focal damage of the myocardium was present in SIH-treated animals, characterized by groups of cardiomyocytes with eosinophilic (intensely stained) cytoplasm. Locally, scatter necrotic or destroyed cells were found, accompanied by a mild infiltrate of residual inflammatory cells (lymphocytes and above all macrophages) indicating initiation of a reparative process. There were no substantial differences in the damage of the myocardium when comparing the SIH and Cremophor groups.
SIH administration caused focal changes, mostly of medium intensity, in the renal parenchyma -in the cortex and partly also in the medulla. The hyaline degeneration and 13354 ± 1191 #, c 101.0 ± 3.9 321 ± 14 dP/dt max -maximal pressure rise in the isovolumic phase of left ventricular contraction; BP-mean arterial blood pressure; HR-heart rate Statistical significance: # -compared to the control group, c -compared to the Cremophor group less necrosis of epithelial cells above all of proximal convoluted tubules were characteristic changes in the majority of treated rabbits (Fig. 6) . Lumina of those tubules frequently contained the casts of granular proteinaceous material in a typical crescent formation enlarged the slit of Bowman's capsule to compress the tuft of glomerular capillaries. Similar changes, however of a less extent, were also present in some few rabbits treated with 10 % Cremophor (Fig. 5 ) in contrast to intact animals in the control group (Fig. 4) . The other examined tissues (the liver, lung, small intestine, and muscle tissue) were devoid of any significant pathological changes.
Body weight: A significant body weight increase was present in all groups (Fig. 1) ; the body weight gain at the end of the experiment was 108.0 % in the control, 110.5 % in the Cremophor, and 109.8 % in the SIH group, resp. No premature deaths of animals occurred following the administration of PIH or in other groups.
Discussion
The SIH -an analogue of the PIH -is a highly effective iron chelator with antioxidant and antimalarial activities, documented in a number of in vitro studies (1, 8, 9, 13, 16, 17, 18, 24, 25) . The antimalarial properties of SIH were also documented in vivo (6) . According to these data, SIH seems to be a very promising substance for the therapy of various pathological conditions, like free radical-mediated injury or malaria. However, no toxicological data obtained from in vivo studies have been available yet. This is the first study focused on the evaluation of potential toxic effects of SIH on selected parameters.
Due to very low water solubility, the SIH -as well as the PIH (10, 19, 20, 21 ) -had to be partially dissolved in a 10 % Cremophor solution and administered intraperitoneally. The dose of SIH administered to rabbits (50 mg/kg) is nearly equivalent to the dose of PIH used in our previous studies (10, 19, 20) due to a very close molecular weight of both chelators (286 Da PIH vs. 240 Da SIH).
Echocardiography is a well-established non-invasive method for the determination of left ventricular systolic function both in clinical and experimental settings (14) . No significant changes in LV EF have been found in any of studied groups. Determination of the systolic time intervals is also a well-based method for the left ventricular systolic function examination, as the PEP/LVET ratio is known to increase when the left ventricular performance is compromised (5) . No significant changes in this index have been noticed. A significantly higher left ventricular contractility (as determined by dP/dt max ) could be observed in the SIHreceiving group. However, this increase was not accompanied by blood pressure alterations and non-invasive parameters mentioned above indicated no changes in the left ventricular systolic function. Moreover, in an in vitro study by Horackova et al. (9) , who studied the antioxidant effects of SIH in adult cardiomyocytes (9) , SIH itself did not affect contractile activity in isolated cardiomyocytes. The fact that increased contractility of myocardium caused by repeated SIH administration in this study was not accompanied by an increase in blood pressure may be due, at least partly, to the released salicylaldehyde from SIH by cleavage of hydrazone bond and its counteracting vasodilating action (7) .
Only slight changes in biochemical and haematological parameters were observed in SIH-treated rabbits; the values generally did not differ from the values found in the control or Cremophor groups. Therefore, they should not necessarily be attributed to SIH administration. A decrease in calcium concentrations in SIH-treated rabbits has to be interpreted with caution, since the initial value was higher than in the control and Cremophor groups, possibly due to the variation of the biochemical parameters in individual rabbits (11) . Lactate dehydrogenase is a rather non-specific parameter -an increase in its activity can be incited due to, e.g. the haemolysis, heart attack, liver or muscle disease (15) . None of the above-mentioned conditions could be confirmed by other findings in our experiment. An increased activity of GSH-px could prove the antioxidant properties of this Fe chelator, demonstrated in in vitro studies, too (8, 9, 18) . The physiological range for the thrombocyte count is quite large (11) , so that the increase in values observed in the SIH group seems to lack any clinical importance.
SIH induced morphological changes in the epithelium of convoluted tubules and accumulation of the proteinaceous material inside some renal corpuscles (especially near the medulla). The same type of the damage, but of less extent, was also observed in some rabbits treated only with the vehiculum of SIH -10 % Cremophor solution. On the other hand, the determined values in biochemical parameters did not reveal any deterioration of kidney functions in SIH or Cremophor treated rabbits. In the examined material, only a relatively small number of affected tubules as well as glomeruli were observed. Therefore, the compensation of the function was still possible, so that the morphological changes have not been followed by significant changes in biochemical parameters.
Cremophor (a polyoxyethylated castor oil) has been used as a solvent for several water-insoluble drugs, including cyclosporine, teniposide, and diazepam. Due to the observations of other authors, this vehicle might not be physiologically inert (3). Even though the incidence of nephrotoxicity caused by the administration of Cremophor was observed in rats (2, 22) , any morphologic or functional changes after Cremophor administration could be observed in the rabbits (23) .
Mild morphological changes within the myocardium should not be interpreted as a consequence of the SIH treatment, because of similar changes observed in the Cremophor group.
Furthermore, an increase in the body weight -comparable in the control and Cremophor groups -indicates that repeated administration of SIH was well tolerated by rabbits.
Conclusions
The results of our study demonstrated that intraperitoneal administration of SIH to rabbits in a dose of 50 mg/kg, injected once weekly for 10 weeks, did not exhibit marked signs of toxicity, which is a very important finding in relation to intended future clinical application. The administration of SIH was well tolerated (zero mortality and weight gain). The exceptional changes in haematological and biochemical parameters, as well as in parameters of cardiac function seem not to be of major importance. The mild morphological changes in kidney parenchyma do not seem to affect the function of this organ as documented by the biochemical evaluation. The obtained data can be considered promising from the standpoint of possible clinical use of SIH in some pathological states.
